In September 2004, a rapid assessment survey for non-native species was conducted at 12 harbours along the south coast of England from East Sussex to Cornwall, focusing on communities of algae and invertebrates colonizing £oating pontoons in marinas. Over 80 taxa each of algae and invertebrates were recorded, including 20 recognized non-native species. The southern hemisphere solitary ascidian Corella eumyota was recorded in the UK for the ¢rst time and was present at three sites. The colonial ascidian Botrylloides violaceus was also recorded as new to the UK, but was very widespread and has probably been present for a number of years but misidenti¢ed as the native congener B. leachi, which was infrequent. Other ascidians included Styela clava, introduced at Plymouth in the early 1950s, which was recorded at all locations visited, and Perophora japonica, which was found only at the Plymouth locality where it ¢rst occurred in the UK in 1999. The diverse algal £ora included nine alien species previously recorded in the British Isles. Range extensions and population increases were noted for the kelp Undaria pinnati¢da and the bryozoan Tricellaria inopinata, both ¢rst recorded in UK waters during the 1990s. The widespread occurrence of another non-native bryozoan, Bugula neritina, appears signi¢cant, since in earlier times this was known in UK waters predominantly from arti¢cially heated docks. The results of this survey indicate that dock pontoon systems in southern England are signi¢cant reservoirs of non-native species dispersed by vessels and other means. The proliferation of these structures is therefore of conservation importance. The new UK records highlight the need for periodic monitoring of ports for non-native species.
INTRODUCTION
Hard surfaces such as intertidal or permanently submerged rock are primary habitat for a wide range of biota, for which man-made installations in the sea potentially act as alternative habitats (Connell, 2000; Railkin, 2004) . Although native species inhabiting natural substrates may be found on these arti¢cial surfaces, the communities fouling pilings and pontoons may di¡er substantially in composition and abundance from their counterparts on nearby bedrock surfaces, including a proliferation of arborescent bryozoans, compound and solitary ascidians, and mussels (Butler & Connolly, 1996; Glasby, 1999a; Connell, 2000 Connell, , 2001 Holloway & Connell, 2002; People, 2006) . In the case of pontoons, factors suggested to contribute to this distinction include: isolation from the seabed, shading (in particular of under-surfaces); the actual materials involved (typically with physico-chemical properties distinct from those of natural substrata); the young age of the substrate relative to natural rock; and the rise and fall of pontoons with the tide, thus maintaining surfaces at a constant but shallow depth with a static area of swash (such that the associated hard-surface communities may show a compressed zonation on vertical faces) Glasby, 1999b; Connell, 2000 Connell, , 2001 Glasby & Connell, 2001; Holloway & Connell, 2002; Cole et al., 2005) .
Non-native species are frequently more common on £oating docks and other arti¢cial surfaces than adjacent natural substrates (Glasby & Connell, 2001; Paulay et al., 2002) . Indeed, association with arti¢cial habitats may be one general indicator of non-native status (Chapman & Carlton, 1991) . Arti¢cial structures are located in major shipping ports and centres for pleasure craft, and are known to be important locations for non-native species dispersed as vessel hull and sea-chest foulers, as occupants of ballast water tanks, hitch-hikers on aquaculture imports or by other means (Carlton & Geller, 1993; Wonham & Carlton, 2005 for review) . Floating structures are thus highly relevant for detecting newly arrived non-native species amongst the sessile biota, and may act as stepping-stones during secondary spread Connell, 2001; Wasson et al., 2001; Lambert & Lambert, 2003; Bulleri & Airoldi, 2005) . Marinas and harbours are often relatively disturbed areas, subject to restricted tidal exchange, salinity stress through freshwater in£ow and/or pollution (Bax et al., 2003) , and are also subject to greater temperature £uxes than nearby natural subtidal habitats. These environmental stresses may cause periodic die-o¡s on the pontoons and near-surface areas of pilings, thus making available large patches of bare surface for recolonization (Lambert & Lambert, 2003) . Space availability has been shown to be a prime factor in the establishment of nonnative species (Stachowicz et al., 2002) . Thus pontoons and pilings and their associated ropes, tyres, etc. are often the preferred settlement sites for new arrivals and have become the primary focus for rapid assessment surveys (RAS) for non-natives (Cohen et al., 1998 (Cohen et al., , 2001 (Cohen et al., , 2005 Mills et al., 2000; Lambert & Lambert, 2003; Pederson et al., 2005) . The resulting assemblages are always submerged but readily accessible at any state of the tide, making them ideal for cost-e¡ective surveillance of non-native taxa. Such surveys provide an important baseline for studies of neighbouring natural benthic communities and their ability to withstand invasion (Paulay et al., 2002; Lambert, 2003) .
In North America and elsewhere, RAS encompassing substantial geographical areas, are an established method for the synoptic survey of biodiversity in ports, harbours and marinas and the detection of newly arrived nonnative species (e.g. Cohen et al., 1998 Cohen et al., , 2001 Cohen et al., , 2005 Coles et al., 1999; Lambert & Lambert, 1998 , 2003 Boyd et al., 2002; Hewitt et al., 2004; Pederson et al., 2005) . To promote comparability, a set time (typically 1^2 h) is spent at each locality by a travelling team of biologists, including taxonomy experts covering a wide range of taxa. Where necessary, material is collected for laboratory identi¢cation at the end of the day's visits; voucher material is preserved and curated for each site.
The spread of taxa from docks to natural coastal habitats is a major cause for concern, and the proliferation of marinas for pleasure vessels over recent decades is a worldwide phenomenon. On the south coast of England, large marinas have been constructed both within long-established seaports such as Portsmouth, Southampton, Poole, Portland and Plymouth, and also at new locations such as Brighton and Torquay. These marinas, comprising hundreds of £oating pontoon berths, create a permanent sheltered shallow subtidal habitat with a potentially substantial surface area. From 1 to 7 September 2004, a RAS was undertaken of 12 harbours or marinas along the south coast of England between East Sussex and Cornwall. The aim was to provide a basic inventory of macroalgae and invertebrates fouling the pontoon £oats and associated structures, so that any future changes could be detected. To the authors' knowledge this represents the ¢rst attempt to assess these communities comprehensively and comparatively in this region. Here we report the scope and outcome of the survey, with particular reference to alien species.
MATERIALS AND METHODS
The locations visited are detailed in Table 1 . Unlike those at the other sites, the £oating pontoons visited at Sites 4, 7 and 8b were not part of leisure-craft marinas. Between 11 and 14 people attended each site, and recorded their observations for 1^2 h (with the exception of the supplementary, lower salinity, Site 8a in Weymouth Marina, *500 m upstream of 8b; this was visited for 30 min). The time allotted was dependent in part on the size of the marina. A survey was considered complete when no additional species were recorded during the ¢nal 10^15 min; the authors' experience with past RAS has shown that this makes the most e⁄cient use of time. In addition to inspection of the pontoons, submerged arti¢-cial substrates such as hanging ropes, fenders, etc., were pulled up and examined. The application of taxonomic expertise was variable between groups, with speci¢c, targeted ¢eld searches by experts being undertaken consistently only for ascidians (G.L., C.L.) and algae (W.F.F., F.A.). Less intensive or more generalist attention was given to other macrofaunal groups such as sponges, sea anemones, hydroids, £atworms, polychaetes, nudibranchs, bryozoans and crustaceans. Boring organisms and smallbodied forms, such as micro-crustaceans, mites and nematodes, were not assessed.
RESULTS AND DISCUSSION
The sites visited were at or close to full salinity, with the exception of Site 8a; surface temperatures ranged from 17 to 23.58C (Table 1 ). The alien species and a few notable records of native or cryptogenic species recorded during the survey are listed in Table 2 . Over 80 taxa each of algae and invertebrates were recorded, including 20 recognized non-native species. A complete species list can be obtained from John Bishop: jbis@mba.ac.uk.
The survey results mirror those from RAS surveys of Paci¢c and Atlantic coasts of the USA, and other marine studies conducted elsewhere, in demonstrating that £oating pontoons in docks and marinas support diverse, high-occupancy assemblages of seaweeds and invertebrates including a substantial presence of taxa known to be non-native (Monniot & Monniot, 1994; Cohen et al., 1998 Cohen et al., , 2001 Cohen et al., , 2005 Lambert & Lambert, 1998 , 2003 Coles et al., 1999; Mills et al., 2000; Boyd et al., 2002; Hewitt et al., 2004; Pederson et al., 2005) .
Several of the locations visited, notably Portsmouth, Poole and Plymouth, are long-established major seaports. Poole was a major base for ships sailing to New England and Newfoundland over several centuries. Portsmouth,
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Journal of the Marine Biological Association of the United Kingdom (2006) Wonham & Carlton, 2005) . Marine invasions have undoubtedly been a feature of southern England for a number of centuries, well before records began. Consequently, many of the species featuring in the inventory for this survey, other than known non-natives, should be considered cryptogenic, i.e. of uncertain status (Chapman & Carlton, 1991; Carlton, 1996) . The role of small vessel tra⁄c and marinas in dispersing, incubating and relaying taxa is obvious from the results of this survey for locations such as Brighton and Torquay that are not located within or adjacent to a major seaport. In spite of their isolation, both of these marinas support very substantial populations of Undaria pinnati¢da and Bugula neritina, as well as other non-native taxa. The importance of local boat tra⁄c between smaller harbours in facilitating marine invasions has been emphasized by Wasson et al. (2001) .
Algae
Over 80 species of algae were found, with some 50 species of red algae, *14 of greens and *17 of browns. These included nine taxa of aliens, all of which had been previously recorded from Britain (Eno et al., 1997; Farnham, 1998) ; each is discussed below.
Torquay and Ferrybridge were the sites with the greatest algal diversity, with around 30 species recorded at each. Ferrybridge was also the site where the most species of alien algae were found, which may re£ect shipping movements in nearby Portland and Weymouth harbours, together with the importation of oysters for cultivation within the Fleet lagoon itself (Copperthwaite, 1993) . Most of the introduced species occurring at the Ferrybridge pontoon have been recorded in the Fleet (Dyrynda & Farnham, 1985; W.F. Farnham, personal observation) , apart from Neosiphonia harveyi, which was almost certainly identi¢ed earlier in the Fleet as Polysiphonia urceolata aggregate, and Anotrichium furcellatum.
The ¢lamentous red alga Neosiphonia harveyi (J. Bailey) M.-S. Kim, H.-G. Choi, Guiry & G.W. Saunders (formerly known as Polysiphonia harveyi) was the most widespread of the algal aliens, occurring at 11 of the 12 sites visited (Table 3) , usually occupying the sublittoral fringe community, just below the waterline level down to *15 cm, but occasionally to 40 cm depth. Thalli were common and often fertile (cystocarpic), and sometimes epiphytic on the larger algae present. The occurrence and exotic status of N. harveyi in the British Isles were clari¢ed by Maggs & Hommersand (1990) . The ¢rst English specimen was documented in 1908 (Maggs & Hommersand, 1993 ) and this species is now distributed around the British Isles.
Althoughthe brown alga Colpomeniaperegrina (Sauvageau) Hamelwas foundatonly two sites onthepresent survey, it was reported in Britain as early as1907 and is common along the southern and western coasts of the British Isles (Hardy & Guiry, 2003) . The green alga Codium fragile (Suringar) Hariot ssp. tomentosoides (van Goor) Silva appeared in the British Isles in the 1930s (Trowbridge et al., 2004) , and was found at eight sites (Table 3) . Codium fragile was often only found as its ¢lamentous, derbesioid phase, which is quite unlike the erect macrothalli (Trowbridge,1998) .
More recently introduced algae also show varying degrees of success in colonizing marinas.
The large, invasive, brown alga Sargassum muticum (Yendo) Fensholt, has been established in southern England for over 30 years Eno et al., 1997) and occurred at ¢ve sites from Brighton to Ferrybridge, but not at Southampton or Poole. Although S. muticum was not found in the marinas surveyed west of Ferrybridge, it has been recorded all along the south coast on natural substrates (Farnham & Critchley, 1997) .
Along with abundant unattached plants of Sargassum muticum, a large loose-lying population of a red alga was found on the shallow, muddy sea-£oor of Southsea Marina. Its structure and anatomy indicate that it Farnham & Irvine, 1979 Farnham & Jephson, 1977 belongs to the Solieriaceae, of which two introduced species have been reported for the British Isles (Farnham & Irvine, 1979 (Farnham, 1980) . Usually these two species are easily separated by their morphology but the Southsea population seems to show intermediate features.
Fertile specimens, which would aid identi¢cation, were not found. The Japanese kelp Undaria pinnati¢da (Harvey) Suringar was more widely distributed on the survey, from Brighton to Plymouth, which is to be expected since it is mainly con¢ned to marinas (Farrell & Fletcher, 2000) , unlike the other alien algal species encountered, which occur more frequently on open shores. This represents a slight westward range expansion over the past decade from Torquay, where the species was recorded in 1996 (Farrell & Fletcher, 2004) . Local boat tra⁄c is likely to represent a signi¢cant route for the transport of this taxon as a fouling organism (Fletcher & Manfredi, 1995; Fletcher & Farrell, 1999; Farrell & Fletcher, 2004) . Most of the adult specimens were senescent (in keeping with the fact that this species peaks in winter and spring), but numerous sporelings were present.
Two congeneric reds, Grateloupia turuturu Yamada (previously referred to as G. doryophora (Montagne) Howe, see Gavio & Fredericq, 2002) , and Grateloupia luxurians (A. Gepp & E.S. Gepp) R.J. Wilkes, L.M. McIvor & Guiry, had previously been reported as introductions (Farnham, 1980) . Grateloupia luxurians had previously been reported as G. ¢licina (Lamouroux) C. Agardh var. luxurians A. Gepp & E.S. Gepp, but recent investigations by both Wilkes et al. (2005) and De Clerk et al. (2005) indicate that this variety should be elevated to speci¢c status. Despite its later arrival in England (late 1960s), G. turuturu was more widely distributed during the 2004 survey, being recorded at eight sites between Brighton and Exmouth. In contrast, G. luxurians, ¢rst found in England in 1947, was found at only three sites. The two non-native species of Grateloupia thus di¡er in their apparent success as introductions, and in addition there may be unequal competitive interactions between the two species. At the two sites (Southsea and Ferrybridge) where both Grateloupia species co-existed on pontoons, the larger G. turuturu was more abundant, as is the situation on the shore (Farnham, 1980) . The delicately ¢lamentous red Anotrichium furcellatum (J. Agardh) Baldock was found at only one site, Ferrybridge in Dorset, as quite conspicuous tufts just below the waterline. This was probably the rarest alga found on the survey. The ¢rst British record for this species was based on collections from Dorset made in 1976 (Maggs & Hommersand, 1993) but it is likely that this species had been introduced much earlier. Since then it has been reported from south Devon, Pembroke and the Channel Isles. It has been found only during September and October, i.e. the same time of year as this survey. As with the previous English collections, our material was sterile. The species had been introduced from the Mediterranean into northern France before 1922 (Feldmann-Mazoyer & Meslin, 1939 . Maggs & Hommersand (1993) suggested that the Mediterranean population 'might have been derived from the introduction of a (possibly conspeci¢c) Paci¢c form into the range of the original Mediterranean alga'. Further investigations, such as molecular and crossing studies, are required to con¢rm this suggestion, along the lines of the work of Peters et al. (1993) .
In addition to the usual fouling algae to be found in marinas, noteworthy native species encountered included Chondria coerulescens (J. Agardh) Falkenberg, Gracilaria bursa-pastoris (S.G. Gmelin) P.C. Silva and G. multipartita (Clemente) Harvey (all reds). The two Gracilaria species were also found only on the small pontoon in the Fleet but are quite common on natural substrates there (Whittaker & Farnham, 1983) . The associated (host-speci¢c) endophyte Cylindrocarpus microscopicus has been recorded at only three other British sites outside the Fleet (Hardy & Guiry, 2003) but is likely to be quite commonly associated with its host.
The occurrence of Chondria coerulescens at Southsea Marina was not unexpected as this species is abundant in tide pools around Langstone Harbour during the summer. It extends along the coast of England from Su¡olk to south Cornwall (Maggs & Hommersand, 1993) . Many algae are seasonal in their appearance so that, in September when this survey was carried out, some of the spring/summer ephemerals frequently found in marinas were absent, such as Desmarestia spp. Certain other species were less common than anticipated e.g. Dictyota dichotoma (Hudson) J.V. Lamouroux.
Our observations of algae at all the marinas surveyed agree with the conclusion of Fletcher (1980) that there is a compressed zonation on £oating pontoons, with an upper association of upper littoral/littoral fringe species, such as Blidingia and Chaetomorpha spp., above the waterline, subjected to wave-wash and splash, and a lower association of predominantly sublittoral species, e.g. kelps, below the waterline, where they are permanently submerged.
Invertebrates
Amongst well-established non-native invertebrates, the barnacle Elminius modestus Darwin, 1854 and the slipper limpet Crepidula fornicata (Linnaeus, 1758) were widely recorded. Elminius modestus may well have been present at additional sites, but favours intertidal surfaces rather than £oating pontoons. The recently arrived (Tierney et al., 2004; Willis et al., 2004) caprellid amphipod Caprella mutica Schurin, 1935 was recorded from pontoons at Southampton and Poole, where it had previously been found by other investigators (J. Mallinson and L. Baldock, respectively, personal communication).
The non-native erect bryozoan Tricellaria inopinata d'Hondt & Occhipinti Ambrogi, 1985, was also widespread and often conspicuously abundant at many locations between Gosport and Falmouth. It was found on primary hard substrates and also on algae and animals such as Sargassum muticum, Undaria pinnati¢da and the ascidian Styela clava. The ¢rst UK record was from Poole Harbour (August 1998) with other records soon after from a number of locations between Langstone Harbour Rapid assessment survey of English marinas F. Arenas et al. 1333 and Swanage (Dyrynda et al., 2000) . Periodic surveillance since has revealed its recent expansion to the east and west, and consolidation at many individual localities (P.J. Dyrynda, personal observation). New localities for 2004 include Queen Anne's Battery Marina, Plymouth, where the species was abundant and conspicuous; it was not seen in three Plymouth marinas, including Queen Anne's Battery, visited in March 2001 (P.J. Dyrynda, personal observation). This species is also expanding its range on the coast of continental northwestern Europe (De Blauwe & Faasse, 2001 ).
The present survey found the warm-water non-native bryozoan Bugula neritina (Linnaeus, 1758) to be widespread and in places abundant, although this species was listed as no longer established in the wild by Eno et al. (1997) . Its present distribution is of interest because during the 1950s and 1960s this taxon was known in the UK particularly from arti¢cially warmed locations, notably the Swansea Docks (Naylor, 1959) from where it disappeared after the Tir John power station, which had discharged heated e¥u-ents into the dock, was closed down. Speci¢c searches for bryozoans at around 50 UK marinas within the past ¢ve years (P.J.D., unpublished data) found it to be localized to certain enclosed marina basins on the south coast, including Brighton, Poole, Torquay and Falmouth, suggesting that elevated summer temperatures within these southern enclaves allow growth and reproduction in summer.
The docks and marinas sampled during this survey support a considerable diversity of ascidians. Twenty-six species of ascidians were recorded during the survey, of which four are introduced (Table 2) . Queen Anne's Battery, Plymouth, contained the highest number of species (18). At many locations the majority of the biomass was ascidians, especially the large native solitary species Ascidiella aspersa, Ciona intestinalis, and Molgula socialis (incorrectly identi¢ed in many guidebooks as the non-native Molgula manhattensis, which we did not encounter), and the introduced Styela clava.
The southern hemisphere ascidian Corella eumyota Traustedt, 1882 was found at three sites during the present survey and was quite abundant at Weymouth Harbour. The ¢rst reported occurrences of this species in the northern hemisphere were in two harbours in Brittany in 2002 (Lambert, 2004) but our new records are the ¢rst for the UK. The presence of Corella eumyota at three wellspaced localities suggests that it may not be a very recent arrival in the UK; the full extent of its present distribution remains to be investigated, and its potential future spread will be of considerable interest. Corella eumyota is a selffertilizing brooder that forms large clumps of individuals, which could seriously impact the mussel and oyster culture industries.
The non-native (Japanese) species Botrylloides violaceus Oka, 1927, which has been on both coasts of the US for at least 30 years, is actually widespread and abundant along the southern coast of England, and its abundance and the presence of many colour morphs suggest that it has had a relatively long period of establishment. If so, it has remained unrecognized, presumably misidenti¢ed as the putatively native Botrylloides leachi (Savigny, 1816) which was tentatively recorded only at the two westernmost sites included here. The full extent of the invasion by B. violaceus remains to be ascertained. The species has been reported on the coast of the Netherlands (Faasse & De Blauwe, 2002 ; identi¢cation con¢rmed by G. Lambert). Botrylloides violaceus is also abundant and widespread on the coast of Brittany (G. Lambert, personal observation). Several other botryllid ascidians were encountered that could not be readily identi¢ed to species. These may include additional, unrecognized, alien species, and taxonomic work is being undertaken on this material.
This survey thus generated new records of ascidians for the UK but, in the absence of routine surveillance, it is di⁄cult to assign potential dates of arrival, although all have likely been introduced in the last one or two decades. Of the previously known non-native ascidians, Styela clava was ¢rst discovered in the Plymouth area in 1953 (Carlisle, 1954 , as S. mammiculata) and has subsequently spread as far south as Portugal and the Mediterranean, and as far north as Scotland and northern Denmark in Europe (Davis & Davis, 2004 and personal communication) , though it is worldwide in temperate waters of both the northern and southern hemispheres. In keeping with this history, it was present throughout the survey region (except supplementary Site 8a).
The non-native Perophora japonica Oka, 1927, previously reported in Plymouth at Queen Anne's Battery Marina (Nishikawa et al., 2000) and in Dorset from the Fleet Lagoon (Baldock & Bishop, 2001) (Monniot & Monniot, 1985) . It has recently been recorded from Guernsey (R. Lord, personal communication) and the Netherlands (Faasse, 2004) .
The colonial ascidian Didemnum sp. that is now giving cause for concern in other parts of the world (see the website http://woodshole.er.usgs.gov/project-pages/ stellwagen/didemnum/index.htm for worldwide images of and information on this highly invasive species) was not de¢nitively found on the present survey. A single very small Didemnum sp. colony at Plymouth could be this species, but was immature. This form is highly invasive on both coasts of North America, where it continues to spread, and may be the species recently described from New Zealand by Kott (2002) as D. vexillum. It is also spreading rapidly in northern Europe, where in some locations it was initially identi¢ed as D. lahillei Hartmeyer, 1909 but in others as D. helgolandicum Michaelsen, 1921. However, an examination of the type specimens of these two species shows that it is neither one, and thus is probably not native to Europe (F. Monniot and G. Lambert, personal observation) .
At each site, at least one non-native invertebrate could be regarded as an aspect dominant within the pontoon community. The following taxa were su⁄ciently abundant and conspicuous to qualify as aspect dominants: Styela clava (at 10 sites), Bugula neritina (6), Botrylloides violaceus (5), Tricellaria inopinata (3), Corella eumyota (1), and the serpulid worm Ficopomatus enigmaticus (1). Of the nonnative algae, Grateloupia turuturu was an aspect dominant in many marinas, apart from the most western sites, often forming a shallow microzone a few centimetres below the waterline. The brown macroalgae Sargassum muticum and Undaria pinnati¢da would be expected to have been visually dominant earlier in summer, when the thalli are at their largest size. However, at the time of the survey in September 2004, both these aliens were mainly present as sporelings, and any mature fronds were dying back.
This survey of southern England demonstrates the potential of RAS to generate valuable base line data, and we hope additional surveys will be organized for other regions of the UK. Rapid assessment surveys are labourintensive and involve signi¢cant costs, but may permit a relatively accurate accounting of native and introduced biodiversity, crucial to analysing the changes taking place along Britain's coasts. While the present survey did not cover all taxonomic groups in detail, the notable new UK records for ascidians strongly suggest that signi¢cant discoveries also wait to be made for other taxonomic groups.
